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(54) Title: ATTACHMENT MEANS FOR A TIRE ELECTRONIC PACKAGE 
(57) Abstract 

The present invention provides a 
means for installing and removing an 
electronic package (E) on the inside of 
a tire (10) for monitoring the tire (10) 
by collecting, storing and/or reading 
information about the tire (10) and 
for being able to update the electronic 
package (E). In a generic embodiment 
of the present invention a structural 
support system or device (A) is used 
within the tire (10) for retaining an 
electronic package (E) within the cavity 
of the tire (10). The electronic package 
(E) is made with at least one retainer 
opening (22, 24, 25, 424) to receive 
at least one fastener (20, 40, 50, 340) 
carried by a rubber ply (30) affixed to 
the inner surface of the tire (10) for 
supporting the electronics package (E) 
within the tire (10). The fastener of the 
support device (A) can also be in the 
form of a strap (332) including a pair 
of free ends (332. 334) having hook 
and loop means (335a, 335b) that are 
wrapped around the electronic package 
(E). The support device (A) can also 
have fasteners which are semi-rigid 
straps (332, 334) with slotted fasteners 
(735a, 735b) at their outer ends. The 
support system or device (A) allows the 
electronic package (E) to be removed for inspection, removal or updating of electronic information about the tire (10) and its environment. 
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ATTACHMENT MEANS FOR A TIRE ELECTRONIC PACKAGE 

Background of the Invention 

This invention relates to vehicle tires including spare 
tires, and more particularly to tires specifically designated to 
include electronic packages for monitoring tire performance and 
for tire identification. The invention is particularly useful 
for attaching the electronic package to a tire's inside surface. 

With the increased use of electronics for recording, 
identification and monitoring devices used in vehicle tires the 
problem of incorporating these electronic packages within or 
upon the tire continues. Electronic chips or devices have been 
made to monitor and/or record a number of tire parameters as 
well as to identify and locate tires. These include 
manufacturing and inventory data, sales and distribution 
information, physical performance data, environmental 
engineering data and the like. Electronic packages can store 
data to be updated", collect data for future evaluations and/or 
can be a read on demand device within the scope of this 
invention. Electronic packages can either have their own energy 
source or be activated by remote devices. m summary, 
electronic devices are known to generally provide whatever the 
user's needs may be. Some typical electronics package are 
disclosed in U.S. Patent Nos. 4,862,486; 4,911,21; 5,218,861; 
and 5,573,610. 

In general, an electronic package is either imbedded 
within a rubber component of the tire, attached to the tire or 
fixed to the rim supporting the tire, as well as mounted in the 
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valve stem. The location of the electronics package influences 
the ability to measure engineering performance parameters such 
as inflation pressure, tire temperatures, number of revolutions 
or stress cycles and the like. RemoCe communication with the 
electronic package is generally by radio £reguen=y (Rp) ^ 
waves. However. RF communication is made difficult by the use 
of metallic materials within and around the tire due to steel 
reinforcing .embers in the tire and a metallic rim pius metallic 
vehicle parts. A relativeiy large antenna is generally needed 
to xmprove RF communication with the electronic package. The 
electronic package should be located to be as free from 
interference from tire and rim components as possible. Typical 
location and communication problems and some solutions are 
disclosed in U.S. Patent Nos. 3.373.965; 4.246.567; 5 . lei . 97 s. 
and 5,573,611 as well as European Patent Ho. 0 639 472 Al. 

Electronic packages are known to have a life somewhat 

shorter. Energy sources, if any, wear out and the fatigue life 
of other components are not adequate in many cases resulting in 
a shorter life for the package. The eleotronic paokage ^ ^ 
need to be removed for representing, for updating tire 
reformation and/or data collection. In addition, it may be 
desirabie to make changes or repair the electronic components 
wrthin the package or replace the electronic package with an 
updated package. A removable electronic package having a longer 
life than that of the tire within which it is mounted nay also 
be used in another tire when the tire containing an electronic 



2 



WO 99/41093 



PCT/US99/02976 



package is removed from service or no longer needs an electronic 
package . 

The problem of adding an electronics package within an 
existing tire, that has not been modified prior to or during 
curing to accept such a device, has not been solved in the 
industry. The desire is to have a method for placing an 
electronics package in a tire as an aftermarket device. The 
method should not significantly change the tire or the processes 
of building and using the tire. This same method could be 
further used to relocate one or several electronic packages to 
various locations or multiple locations within a tire to achieve 
better or different information from the electronic package or 
packages . 

A further problem in the trucking industry is to provide 
a support system or device to include the electronic package 
within the tire in a cost effective manner. The problem is 
further complicated by the need to have a support system that 
does not require special handling of the tires or special 
training for tire changers and other maintenance personnel. The 
use of generally standard maintenance methods and materials, 
such as typical rubber patches and standard fasteners common to 
the industry, is most desirable both from a personnel point of 
view and in view of the costs. Ease of installing and removing 
the electronic package is desirable. An example of a typical 
rubber patch which can serve as part of a support system is the 
tire repair system manufactured by Tech International of 
Johnstown. Ohio. Typical fasteners known in the industry are 
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disclosed in U.S. Patent Nos. 4,938,645; 5,468,108; and 
5,718, 025 

A need remains to improve the attachment means for 
affixing an electronic package to the inside of a tire. 
Although the prior art already knows several electronic packages 
imbedded or attached to tires, these attachment means do not 
achieve the desired utility for relocating, replacing or reusing 
the electronic package. A further need remains to provide the 
attachment means which can be integrated with a tire either 
during the manufacturing process or after it is manufactured. 

Accordingly, an object of the present invention is to 
provide an attachment means so that an electronics package can 
be easily attached to and incorporated within a tire at a 
desirable location and in a cost effective manner. 

Another object of the present invention is to provide an 
attachment means that allows an electronic package to be removed 
to be inspected, repaired and/or updated in hardware and stored 
data; as well as relocated to another tire or replaced by 
another electronic package. 

Yet another object of the present invention is to 
provide an attachment means which allow aftermarket electronic 
packages to be incorporated within an existing tire. 

A further object of the present invention is to utilize 
a commercially available mechanical bonding product or agent to 
attach a support device to an inside surface of a cured tire, or 
alternately to form either a reinforced or unenforced rubber 
Ply within a tire during curing of the tire for receiving, 
holding and supporting an electronic package. 
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An additional object of the present invention is to 
allow the electronic package to adjust itself while being 
retained within the tire so that forces and deformations from 
the rolling tire are resisted and the fatigue life of the 
support device is extended. 



Summary of the Invention 

The above objectives are accomplished according to the 
present invention by providing an attachment means and method 
consisting of a support system or device applied to the inside 
surface of the tire in the form of a rubber ply for retaining 
the electronic package within the tire. The support system or 
device and method of this invention is a cost effective means 
for incorporating an electronic package within a tire. There 
are a number of utility advantages when the support system or 
device is in use. The support system or device can be used as 
an af termarket device providing a means to install an electronic 
package within the cavity of the tire. The electronic package 
can also be changed to another location within the tire. The 
attachment means can allow the electronic package to be removed 
for inspections, repairs, updating stored information and making 
improvements to the electronics of the package. 

In a preferred embodiment of the invention a structural 
support system is used with a tire for supporting an electronic 
package for monitoring the tire when placed within a cavity of 
the tire.. The structural support system comprises a reinforced 
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rubber ply affixed to the inner surface of said tire at a 
predetermined location. At least one fastener is carried by the 
rubber ply for supporting and retaining the electronics package 
within the tire. At least one edge element is formed in a 
retainer opening of the electronic package to receive the 
fastener. The structural support system further comprises a 
retainer assembly associated with the fastener and the edge 
element for holding the electronics package to the inside of the 
tire adjacent to the reinforced rubber ply, Therefore, any 
conventional tire can be modified to provide for supporting an 
electronic device. 

in a further embodiment of the present invention the 
rubber ply i„ clud es a plurality of layers for providing 
compliance between the tire and the fastener. The rubber ply 
can further include a reinforced layer, or the layers are 
provided by a folded reinforced rubber ply. 

In another embodiment of the present invention a support 
devioe is used within a tire for installing and removing an 
electronic package within the cavity of the tire. The support 
device comprises a rubber ply a£flxed to che innei of 
the tire. At least one fastener in the form of a strap 
including a pair of free ends, is carried by the rubber ply £or 
supporting and retaining the eiectronics package within the 
tire. The support device further comprises a retainer assembly 
having components associated with the at least one strap and the 
electronic package for retaining and holding the electronics 
package inside the tire adjacent the reinforced rubber ply 
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In another embodiment of the present invention a method 
for attaching the support system and the electronios package to 
the inner surface of a tire is provided. The system-method 
comprises a first step of forming a conditioned surface area of 
the tire located interior to the tire for positioning the 
electronics package within the tire adjacent the surface area 
location. The second step includes providing a rubber ply 
having an interface surface associated with the surface area 
in a third step the method includes affixing the rubber ply to 
the surface area so that the rubber ply is supported and held 
within the tire. The forth step includes providing at least one 
strap having a pair of free ends so that the at least one strap 
is carried by the rubber pl y. The fifth step includes 
Placrng the electronic package within said tire to contact the 
fastener to the interior of the tire. ln . sixth step che 
method includes supporting and holding the electronic package in 
contact with the rubber ply using a retainer assembly having 
components associated with the at least one fastener and the 
electronic package. The seventh step includes adjusting the 
retamer assembly to hold the electronic package in a 
predetermined position adjacent the rubber ply and the inner 
surface of the tire. 

In further embodiments the method includes connecting 
the pair of free ends of the strap or straps together by 
providing either hook and loop elements or other similar 
retarner assemblies, in other embodiments the method includes 
providing a number of retainer assemblies for connecting the 
free ends of the strap or straps to the electronic package 
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Description of the Drawings 

The construction designed to carry out the invention 
will hereinafter be described, together with other features 
thereof. The invention win be more readily understood fro m a 
reading of the following specification and by reference to the 
accompanying drawings forming a part thereof, wherein an exampie 
of the invention is shown and wherein; 

Figure 1 is a perspective view of a tire section showing 
a support system of this invention for retaining an electronic 
package within an internal cavity of the tire; 

Figure 2 is a perspective view of a preferred 
embodiment of the support system of the present invention with 
a paar of fasteners holding the electronic package adjacent a 
rubber ply near an inner surface of the tire. 

Figure 3 is- an perspective view of the support system of 
the invention showing break away portions of the rubber ply „ it h 
four rubber layers carrying two fasteners positioned to extend 
into the tire and with reinforcing members formed integral with 
one rubber layer according to the preferred embodiment of rig 
2; 

Figure 4 is a perspective view of a first alternate 
embodiment of the support system of the present invention with 
a single larger fastener holding the electronic package adjacent 
a rubber ply „ ea r the inner surface of the tire; 

Figure 5 is a perspective view of the first alternate 
embodiment of the support system df Pig . 4 showing breafc ^ 
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portions of a four layer reinforced rubber ply and the single 
fastener made to be Integra! with one iayer and positioned to 
extend into the tire and further with reinforcing meters formed 
integral with one rubber layer; 

Figure 6 is a perspective view of a second alternate 
embodiment of the support system of the present invention with 
the fastener formed as an elongated strap having hook and loop 
elements of a retainer assembly to help retain the electronic 
package adjacent a reinforced rubber ply near the inner surface 
of the tire; 

Figure 7 is a perspective view of the second alternate 
embodiment of Fig. « showing the reinforced rubber ply being a 
folded reinforced rubber ply having a strap pocket for holding 
the eiongated strap in a position within the tire to be wrapped 
around the electronic package; 

Figure 8 is a perspective view of a third alternate 
embodiment of the support system with a pair of shafts of the 
fastener extending through retainer openings in the electronic 
package to retain the electronic package adjacent the folded 
reinforced rubber ply near the inner surface of the tire; 

Figure 9 is a perspective view of the second alternate 
embodiment of Fig. e showin9 the £ol(jed relnforced ^ 

retaining a base of the fastener within a strap pocket for 
holding the fastener in a position to extend the two shafts of 
the fastener within the cavity of the tire to be in a position 
to receive the electronic package; 

Figure 10 is cross-sectional view taken along line 10-10 
of Fig. 2 showing four layers . of a reinforced rubber ply, a 
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fastener with a base positioned between second and third layers 
of the reinforced rubber ply and a shaft of the fastener with 
ratchet elements that engage edge elements of the electronic 
package; 

Figure 11 is cross-sectional view taken along line li-n 
of Fig. 4 showing four layers of a reinforced rubber ply, a 
fastener formed to be integral with a third layer of the 
reinforced rubber ply and a shaft of the fastener with ratchet 
elements that engage edge elements of the electronic package; 

Figure 12 is a perspective view of a tire showing a 
fabric sheet being removed from an inside surface of the cured 
tire to provide an embossed inner surface area for affixing the 
rubber ply to the inner surface area according to the preferred 
embodiment of the present invention; 

Figure 13 is a perspective view of a tire showing a 
Plastic sheet being removed from an inside surface of the cured 
tire to provide a smooth inner surface area for affixing the 
rubber ply to the inner surface area according to an alternate 
embodiment of the present invent ion ; 

Figure 14 is a perspective view of a fourth alternate 
embodiment of the support device affixed to the inside surface 
of a tire with two semi-rigid straps each having a slotted 
retainer bar to retain the electronic package to retain the 
electronic package adjacent the folded reinforced rubber ply 
near the inner surface of the tire- 
Figure 15 is a perspective view of the folded rubber ply 
of the fourth alternate embodiment of Fig. 14 with the two semi- 
rigid straps each having a slotted rectangular shaped fastener 
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at their outer end, the straps to be placed within a strap 
pocket of the folded reinforced rubber ply; and 

Figure 16 is a cross -sectional view taken along line 16- 
16 in Fig. 15 showing the tWQ semi . rig . d straps . nterlocked 

within the strap pocket of the folded reinforced rubber ply 
according to the fourth alternate embodiment of Fig. 14. 



Description of a Preferred Embodiment 

Referring now to the drawings, the invention will be 
described in more detail. A segment of a tire 10 for use on a 
vehicle and having a tread 12 for contacting a support surface 
is illustrated in Fig. 1. ^ electronic package »E« for 
storing, monitoring and/or recording information about the tire 
is supported and retained with the tire to for™ a support system 
or package "A" according to the invention. The support system 
is affixed to an inner surface 18 of the tire. A rubber ply 30, 
attached to the inner surface 18 of the tire is used to support 
the electronic package, a reinforced or an unenforced rubber 
Ply can be used within the scope of this invention, with the 
preferred rubber ply being reinforced. A retainer assembly 20 
of the support system connects and holds the electronic package 
in contact with the rubber ply. The electronic package is 
provided with a retainer opening 22 as part of the retainer 
assembly. The amount of area in contact between inner surface 
18 and support system A is adjusted to give adequate support to 
retain the electronic package generally fixed with respect to 
the tire during the nominal operation of the vehicle. The mass 
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and size of support system A including the electronic package 
determines the selection of the surface area of contact with the 
tire. The location of the support system A within the tire is 
also chosen to control the effect of inertial forces and tire 
defecations on the support system including the electronic 
package. Forces in the radial "H-direction" as well as the 

circumferential "C-direction» m„=t- k 

direction must be considered, as shown by R 

and C in the figures. Alternate embodiments of the rubber ply 
and the retainer assembly are disclosed for providing a support 
system or device to retain a variety of electronic packages 
wxthin the tire. The alternate embodiments are disclosed to 
allow for different tire sizes as well as vehicle tire sizes and 
operations. 

The embodiment illustrated in Fig. 1 shows a retainer 
opening 22 in the electronics package as a part of the retainer 
assembly. Some embodiments work better than others depending on 
vehicle operations including tire sizes and usage. 

The support system or device of this invention can be 
affixed at any location to the inner surface of the tire. The 
preferred location is adjacent the bead area ... of the tire as 
illustrated in Fig. I. This Xocation generally has less tire 
deformation and is at a location somewhat easier for monitoring 
trre information available through the electronic package; as 
well as being convenient for installing and removing the 
electronic package. sidewal! area 1. can also be a practical 
area for locating the electronic package. 

A further desirab!e feature in meeting the object of 
this invention is realized by being able to remove the 
electronic package from the tire when desired for updating 
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replacing or repairing the electronic package. The embodiments 
of this invention allow the electronic package to be removed 
from the tire. However, removal is not an essential feature of 
the present invention if the user wishes to keep the electronic 
package within the tire during the life of the tire. Removal 
may be required if a truck tire is to be recapped from time to 
time; as the electronic package may be damaged during the 
retreading process. 

The support system illustrated in Figs. 2 and 3 includes 
a rubber ply 30 with four layers integrally formed to make a 
reinforced rubber ply. A first layer 32 extends radially and 
circumferentially outward of the other layers and is a rubber 
compound that adherers very well to inner surface 18 of the 
tire. The first layer is referred to as a sticky mix layer. A 
third layer 36 provides adequate strength by including 
reinforcing members 36a extending in both the radial R-direction 
and the circumferential C-direction. The third layer is 
referred to as a reinforcing layer. A second layer 34 is placed 
between the first and third layers to generally provide a 
transition between the strains from the tire itself to the 
strains of the reinforced rubber ply. a forth layer 38 covers 
layers two and three. The forth layer is referred to as a 
covering layer. Materials used for rubber layers 32-38 are 
those commonly used in the industry for sticky mix, bonding, 
reinforcing and covering layers. For example, a typical four 
layer rubber patch is the "tire repair systems" (catalog no. 
169) as manufactured by Tech Industries of Johnstown, Ohio. 

A retainer assembly holds the electronics package E in 
contact with rubber ply 30, as illustrated in Fig. 2 for this 
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preferred embodiment of the invention. Rubber ply 30 is affixed 
to the inner surface 18 of the tire at a support interface 19. 
A pair of fasteners 40 each have a fastener base 42 imbedded 
between the second layer 34 and the third reinforced layer 36 of 
the rubber ply 30, as illustrated in Fig. 3. Each fastener 40 
has a shaft 44 with ratchet elements 46 that extend from 
fastener base 42. Shaft 44 extends through openings 36a in 
reinforced layer 36 as well as coexisting openings in cover 
layer 38. 

Electronic package E is made with a pair of retainer 
openings 24, as illustrated in Fig. 3. The electronics package 
is attached to the reinforced rubber ply by passing fastener 
shafts 44 through the retainer openings. Retainer openings 24 
are made smaller than the outer dimension of - ratchet elements 46 
so that the ratchet elements engage edge elements of the 
retainer openings and hold the electronic package engaged with 
the reinforced rubber ply. The retainer openings are elongated 
for providing for easy installation of the electronic package 
and to allow the electronic package to slightly adjust its 
position relative to the reinforced rubber ply during running of 
the vehicle. This adjustment relieves stresses on the support 
system. The fastener can be made of any material commonly used 
for fasteners, but is preferably made of a plastic material such 
as a nylon or a molded rubber. 

A first alternate embodiment for the retainer assembly 
of support system A includes providing a similar rubber ply and 
a single fastener 50, as illustrated in Figs. 4 and 5. The 
first alternate embodiment of the support device again includes 
attaching a reinforced rubber ply 30 to inner surface 18 of the 
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tire at attachment interface 19 such that electronic package E 
is aligned with the radial R-direction and the circumferential 
C-direction of the tire. The reinforced rubber ply again has 
four layers. First layer 32, second layer 34 and forth layer 38 
are essentially the same as described above. A third layer 37 
is provided with reinforcing members 37a. This reinforcing 
layer 37 is shown in Fig. 5 as being formed as an integral part 
with single fastener 50. The single fastener has a single shaft 
54 extending from reinforcing layer 37 at its base 52. The 
shaft contains ratchet elements 56 along two radial edges of the 
shaft to engage edge elements within retainer opening 25 of the 
electronic package. The single fastener is shown to be 
rectangular in shape. other shapes such as round, oval, 
elliptical, polygonal and the like are within the scope of this 
invention. 

Electronic package E has a single retainer opening 25 
to accommodate single fastener 50 as illustrated in Fig. 4. The 
retainer opening is made to have edge elements that provide an 
opening width dimension less than the outer dimensions of the 
single shaft including ratchet elements 56. The difference in 
these dimensions allows the fastener 50 to retain the electronic 
package engaged with reinforced rubber ply 30. The retainer 
opening is made to be elongated in one direction to provide for 
easy installation of the electronic package and to allow for 
adjustments in the position of the electronic package relative 
to the reinforced rubber ply during running of the vehicle. 
Multiple retainer openings of the type illustrated in this 
second embodiment are also within the scope of this invention. 
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Electronic package E can also be retained and held in a 
proper location within the tire when using a fastener comprising 
at least one strap extending in the circumferential C-direction. 
A second alternate embodiment of the support system A, 
illustrated in Figs. 6 and 7, shows a single elongated strap 331 
folded circumferentially around the electronic package. The 
rubber ply comprises a folded reinforced rubber ply 330 having 
a strap pocket 338 for receiving the single continuous strap. 
The rubber ply is bonded together at interface 33 9 at both sides 
of the strap pocket forming an first layer 330a and a second 
layer 330b of rubber ply 330. The folded rubber ply is 
reinforced with reinforcing members 336, and the rubber ply is 
positioned within the tire so that the reinforcing members 
extend in the radial R-direction. Once again, reinforced rubber 
Ply 330 is affixed to the inner surface 18 of the tire at a 
support interface 19. A first strap end 332 extends from one 
end of the strap pocket and a second strap end 334 extends from 
the other end of the strap pocket. The strap 331 has parallel 
reinforcing members 333 generally extending in the 
circumferential C-direction. The electronics package is placed 
in a position to be retained and the two ends of the strap are 
wrapped around the electronic package in the circumferential C- 
direction. 

A retainer assembly 320 for the second alternate 
embodiment includes a hook and loop fastener system. The loop 
elements 335a are attached to one strap end 332 and the hook 
elements 335b are attached to the other strap end 334. Placing 
the hook elements 335b in contact with the loop elements 335a at 
a retainer interface 321 connects together the two free ends 332 
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and 334 of the continuous strap 33! to retain and hold 
electronic package E. Retainer openings are forced as cutouts 
at both ends of the electronic package. Ed g e elements within 
the cutouts are provided to help retain the strap in a proper 
position around the electronic package <Fig. 6) . ' A further 
embodiment of retainer assembly 320 can be realized by adding a 
retainer bar with retainer pins (not shown, to help hold the 
strap ends in contact with one another. 

Similar embodiments to the second alternate embodiment 
are realized by providing a fastener formed as a strap to wrap 
around the electronics package in the radial R-direction. The 
strap ends can also be made as an integral part of a reinforced 
rubber ply within the scope of this invention. The reinforced 

rubber ply would have a sinqle laver 

=>x«gj. e layer as a pocket would not be 

necessary for such an embodiment, 

A third alternate embodiment of the invention is 
realized by providing fasteners similar to those of the 
preferred embodiment of Figs. 2 and 3 with a folded reinforced 
rubber ply similar to that of the second alternate embodiment of 
Figs. 6 and 7. The third alternate embodiment is illustrated in 
Figs. 8 and 9 to include two fasteners 340 carried by folded 
reinforced rubber ply 330. The fasteners are made with a common 
base 342 having two shafts 344 extending from the common base 
The reinforced rubber ply is folded to embed ^ ^ & 
first layer 330a and a second layer 330b of the folded 
reinforced rubber ply at an interface 339 between the layers. 
The layers are bonded together at the interface where possible 
and are bonded to the common base of the fasteners. Openings 
330c in-the second layer are provided for shafts 344 to extend 
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from the folded reinforced rubber ply. As before , folded 
reinforced rubber ply 330 is affixed to the inner surface 18 of 
the tire at a support interface 19. 

The retainer assembly of the support system A includes 
retainer openings 424 provided in the electronic package, as 
illustrated in Pig. 8 . shafts 344 extend through the retainer 
openings and have ratchet elements to engage edge elements of 
the retainer openings and hold electronic package E in contact 
with folded reinforced rubber ply 330 within the cavity of the 
tire. Once again, the retainer assembly provides for adjustments 
in the position of the electronic package relative to the folded 
reinforced rubber ply. 

Describing in more detail the retainer assembly of the 
support system A, reference is made to the cross -sectional 
drawings of Figs. 10 and 11. The cross -sectional view of the 
preferred embodiment of Figs. 2 and 3 is taken along line 10-10 
of Fig. 2, and is shown in Fig. 10. The four layers 32, 34, 36 
and 38 of the reinforced rubber ply 30 are attached to the inner 
surface of the tire at an interface 18a. The fastener 40 has a 
base 42 placed between the second layer 34 and the reinforced 
third layer 36 with reinforcing members 36a. The shaft 44 of 
the fastener extends outward through third and fourth layers 36 
and 38. The electronic package has retainer opening 24 to 
receive the shaft of the fastener. The shaft 44 has ratchet 
elements 46 that engage edge elements 26 within the retainer 
opening of the electronic package E when the electronic package 
is mounted. The electronic package is forced to make contact 
with the fourth layer of the reinforced rubber ply. one of the 
ratchet elements 46a is in a position to contact edge element 26 
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and hold the electronic package in an optimum position with 
respect to the reinforced rubber ply. This position being one 
to provide proper operation of the electronic package and an 
extended service life for the support system. The fastener can 
be made of any material commonly used for fasteners, but is 
preferably made of a plastic material such as nylon or a molded 
rubber. A typical nylon ratchet fastener is catalog number 
PC47486 made by TRW, Inc. of Lyndhurst, Ohio. 

The cross-sectional view of the first alternate 
embodiment of Figs. 4 and 5 is taken along line 11-n of Pig. 4 
and is shown in Fig. n. The four layers 32, 34, 3 7 and 3 8 of 
the reinforced rubber ply 30 are attached to the inner surface 
of the tire at an interface 18a. The fastener 50 is uniquely 
made to be an integral part of the third layer 37 with 
reinforcing members 37a. The shaft 54 of the fastener extends 
outward through fourth layer 38. The electronic package has 
retainer opening 2 5 to receive the shaft of the fastener. The 
shaft 54 has ratchet elements 56 that engage edge elements 27 
within the retainer opening of the electronic package E when the 
electronic package is mounted. During mounting, the electronic 
package is forced to make contact with the fourth layer of the 
reinforced rubber ply. One of the ratchet elements 56a is in a 
position to contact edge element 27 and hold the electronic 
package in an optimum position with respect to the reinforced 
rubber ply. This position, once again, being a placement to 
provide proper operation of the electronic package and an 
extended service life for the support system. 

The support system or device of this invention can be 
used either with a tire which has been cured to provide a 
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surface area to receive and carry the rubber ply or with an 
aftermarket tire where a surface area is prepared after curing 
the tire to receive and carry the rubber ply. Providing a 
proper surface area for affixing the rubber ply to the inside 
surface of the tire is achieved by two different means. The 
desired results are the same; which is to have a surface area 
which permits a positive attachment between a conventional 
innerliner portion of the tire and the rubber ply of this 
invention without affecting the integrity of the innerliner 
portion. Since the conventional innerliner is generally not a 
clean or properly textured surface, it is necessary to prepare 
this innerliner by buffing or grinding to provide a properly 
conditioned surface area. Various means for preparing a surface 
A^a . are _toown_in_ the industry that can achieve a surface area 
suitable for affixing a rubber ply without affecting the 
integrity of the innerliner. The area must be adequate in size 
and texture for achieving a surface area to accommodate the 
rubber ply holding an electronic package for production and 
aftermarket tires within the scope of this invention. 

A means and method for providing a surface area within 
the tire during curing of the tire for attachment of the support 
system or device of this invention is illustrated in Fig. 12. 
A fabric sheet 40 of material cut to the size of the required 
surface area 50 is placed on the inner surface 18 of the tire 10 
in a bead area B on either side of the tire prior to curing. 
Preferably, the fabric sheet has square woven cords which 
provide an embossed area when forced into the inner surface of 
the tire during curing of the tire. The fabric sheet can be 
made using any suitable material vised in the manufacture of 
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tires. The fabric sheet is removed after a given post-cure time 
to provide a conditioned., treated, clean and textured surface 
area within the tire suitable for affixing the rubber ply to the 
surface area. 

In another example, an embodiment is illustrated in 
Fig. 13 showing a plastic or rubber sheet 140 applied directly 
to a surface area 150 on the inner surface 18 of the tire 10 in 
a bead area B on either side of the tire prior to curing the 
tire. Preferably, the plastic or rubber sheet has a smooth 
surface which provides a smooth area when forced into the inner 
surface of the tire during curing of the tire. Smooth sheet 140 
can be made using any suitable compound used in the manufacture 
of tires. The sheet is removed after a given post-cure time to 
provide a conditioned, treated, clean and smooth surface area 
within the tire suitable for affixing the rubber ply to surface 
area 150 . . 

It is also within the scope of this invention to attach 
a rubber ply directly to the inside of a tire during curing of 
the tire as a further variation of the embodiments of the 
support system or device. Any of the rubber plies disclosed 
above and those similar can be positioned within the green tire 
prior to curing of the tire. Careful control of the rubber ply 
when it is installed in the green tire in used to maintain the 
integrity of the tire innerliner during curing of the tire and 
after the tire is cured. 

In a fourth alternate embodiment of the support 
device of this invention the fasteners include straps made of a 
semi-rigid material such as a plastic or a molded rubber. In 
this embodiment of the support device A, fasteners include two 
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semi-rigid straps 732 and 734 with a pair of slotted rectangular 
shaped fasteners 735a and 735b. Each slotted fastener extends 
from, and is made to be integral with, a respective semi-rigid 
strap, as illustrated in Figs. 14-16. The slotted fasteners 
engage edge elements of retainer openings 721a and 721b in the 
electronic package E. The retainer openings are shaped to allow 
the slotted fasteners to snap in place for supporting and 
holding the electronic package in contact with a folded 
reinforced rubber ply 330, The folded reinforced rubber ply is 
essentially the same as previously described with the second 
alternate embodiment, illustrated in Fig. 7. The folded 
reinforced rubber ply is again affixed to the inner surface 18 
of the tire at the support interface 19. Slotted fasteners 
having a circular cross-sectional shape to- engage circular or 
elongated retainer openings are also within the scope of this 
invention. The preferred shape of the slotted fasteners for 
this fourth alternate embodiment is rectangular to provide 
stability of the semi-rigid straps when placed adjacent to one 
another within strap pocket 338. 

The first semi-rigid strap 732 and the second semi-rigid 
strap 734 are made with locking elements 738a and 738b 
respectively so that the two straps will become locked together 
when placed in the strap pocket 338 to overlap one another, as 
illustrated in Figs. 15 and 16. A front surface portion 737a of 
first semi-rigid strap 732 has locking elements 738a that 
project from the surface portion of the first semi-rigid strap. 
A rear surface portion 737b of the second semi-rigid strap 734 
has locking elements 738b that are recessed in the surface 
portion of the second semi-rigid strap portion. Placing the two 
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semi-rigid straps in the strap pocket from opposite sides of 
folded reinforced rubber ply 330, as shown by the side arrows, 
until they overlap one another at a strap interface 731, locks 
the straps together when forces are applied to pull the straps 
in a direction opposite the arrows. The number, size and 
location of the locking elements can vary within the scope of 
this invention. After placing the straps in strap pocket 338 
the electronic package is forced on to the fasteners to contact 
folded reinforced rubber ply 330 at the same time the retainer 
openings in the electronic package receive the slotted 
fasteners. The fasteners snap in place at the edge elements of 
retainer openings 721a and 721b to support and hold the 
electronic package E against the folded reinforced rubber ply 
330 of the retainer device A (Fig. 14). The semi-rigid straps 
including their integral fasteners can be made of any material 
commonly used for tires, but preferably are of a plastic 
material such as a nylon or a molded rubber. 

Any of the support device structure and features 
described above for one embodiment can be combined with another 
embodiment for supporting and holding the electronic package 
within the tire. Other devices and apparatus can be supported 
and held by the support system of this invention. Alternate 
locations within the tire can also be selected for locating the 
surface area within the tire where the electronic package will 
be positioned. Electronic packages of different shape and size 
from those illustrated can also be attached with the support 
device and method of this invention. 

While a preferred embodiment of the invention has been 
described using specific terms, such description is for 
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illustrative purposes only, and it is to be understood that 
changes and variations may be made without departing from the 
spirit or scope of the following claims. 
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What is claimed is: 

1. A structural support system used with a tire for 
supporting an electronic package for monitoring the tire when 
placed within a cavity of the tire, said structural support 
system comprising: 

a rubber ply affixed to an inner surface of said 
tire at a predetermined location; 

at least one fastener carried by said rubber ply to 
the inside of said tire; 

said electronic package being formed with at least 
one retainer opening to receive said at least one fastener; 

each retainer opening having at least one edge 
element for maintaining contact with said at least one fastener 
for supporting and retaining said electronics package within 
said tire; and 

a retainer assembly associated with said at least 
one fastener and said at least one edge element for adjusting 
the position of said electronics package to the inside of said 
tire adjacent to said rubber ply. 

2. The system of claim 1 wherein said rubber ply 
includes a plurality of layers for providing compliance with 
said tire and with said at least one fastener. 
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3. The system of claim 2 wherein said retainer 
assembly includes : 

said fastener having a base embedded between said 
layers of said rubber ply and a shaft extending from said rubber 
5 ply, said shaft having a plurality of ratchet elements extending 

from said shaft; and 

said edge element being side projections from said 
retainer opening through said electronic package, wherein said 
ratchet elements remain in contact with said projections within 
10 said retainer opening. 



4. The system of claim 3 wherein there are two 
fasteners extending through two retainer openings in said 
electronic package so that each fastener engages edge elements 
within a respective retainer opening. 
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5. The system of claim 3 wherein said retainer opening 
is elongated in one direction for providing the electronic 
package with the ability to adjust its relative position 
adjacent to said reinforced rubber ply. 

6. The system of claim 1 wherein said rubber ply is a 
reinforced rubber ply formed with a plurality of layers and a 
pocket for receiving a portion of said fastener. 

7. The system of claim 6 wherein said retainer 
assembly includes : 
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said fastener being formed as a strap with a pair 
of free ends, said strap to extend through said pocket of said 
reinforced rubber ply; and 

said retainer opening of said electronic package 
being cutouts at each end of said electronic package, wherein 
said strap is folded around said electronic package and said 
free ends are attached to one another. 

8. A support device used within a tire for installing 
and removing an electronic package placed within a cavity of the 
tire, said support device comprising: 

a rubber ply affixed to the inner surface of said 

tire; 

at least one fastener formed as a strap including 
a pair of free ends and carried by said rubber ply for 
supporting and retaining said electronics package within said 
tire; and 

a retainer assembly having components associated 
with said at least one strap and said electronic package for 
holding said electronics package at a predetermined location to 
the inside of said tire adjacent said rubber ply. 

9. The support device set forth in claim 8 wherein 
said rubber ply is a folded reinforced rubber ply providing a 
strap pocket formed within said folded reinforced rubber ply for 
receiving said at least one strap such that said free ends of 
said at least one strap are connected together by said retainer 
assembly components. 
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10. The support device set forth in claim 9 wherein 
said at least one strap is an single elongated continuous strap, 
said continuous strap providing said pair of free ends when 
placed through said strap pocket to extend from said pocket in 
opposite directions from one another. 

11. The support device set forth in claim 10 wherein 
said retainer assembly includes loop elements attached to a 
first strap end of said continuous strap and hook elements 
attached to a second strap end of said continuous strap so that 
the hook and loop elements are brought in contact with one 
another when folding the continuous strap around said electronic 
package for retaining and holding said electronics package. 

15 12 • The support device set forth in claim 9 wherein 

said at least one fastener formed as a strap comprises: 

two semi-rigid straps each being placed within said 
strap pocket to contact and overlap one another at a strap 
interface; 

a slotted rectangular shaped fastener at an outer 
end of each semi-rigid strap for receiving and supporting said 
electronic package in contact with said folded rubber ply; and 
a plurality of locking elements at said strap 
interface for holding said semi-rigid straps together in a 
circumferential C-direction within said pocket of said folded 
rubber ply. 
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13. A method for attaching the support system of claim 
1 and the electronic package to the inner surface of the tire, 
said system-method characterized by the steps of: 

a) forming a conditioned surface area located 
interior to said tire for positioning said electronic package 
within said tire adjacent said surface area location; 

b) providing said rubber ply to include a plurality 
of layers and an interface surface associated with said inner 
surface area of the tire; 

c) embedding a portion of said at least one 
fastener so that said at least one fastener is carried by said 
rubber ply; 

d) affixing said rubber ply to said surface area so 
that said rubber ply is attached to said tire; 

e) placing said electronic package within said tire 
to contact said at least one fastener to the interior of said 
tire; 

f ) supporting and holding said electronic package 
in contact with said rubber ply using said retainer assembly 
having components associated with said at least one fastener and 
said electronic package; and 

g) adjusting said retainer assembly to hold said 
electronic package in a predetermined position adjacent said 
rubber ply and said inner surface of said tire. 

14. The system-method of claim 13 wherein the step of 
forming said conditioned surface area is further characterized 
by the steps of ; 
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placing a sheet of material within said tire before 
curing of said tire; and 

removing said sheet of material from said inner 
surface of said tire after curing said tire. 

5 

15. The system-method of claim 13 wherein the step of 
forming said conditioned surface area is further characterized 
by the step of grinding the internal surface of said tire over 
an area consistent with said interface surface of said rubber 
10 ply. 



16. The system-method of claim 13 wherein the step of 
embedding a portion of said at least one fastener is further 
characterized by the steps of; 

providing said at least one fastener with a base 
and a shaft extending therefrom, said shaft including ratchet 
elements; and 

embedding said base between two of said plurality 
of layers of said rubber ply. . 
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17. The system-method of claim 16 wherein the step of 
supporting and holding said electronic package is further 
characterized by the steps of; 

forcing said electronic package to make contact 
25 with said rubber ply; and 

adjusting the relative position of said electronic 
package with respect to said rubber ply. 
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18. The system-method of claim 13 wherein the step of 
embedding a portion of said at least one fastener includes: 

providing said at least one fastener in the form of 
an elongated reinforced strap having free ends; 

placing said strap through a pocket formed in a 
folded reinforced rubber ply; and 

extending said free ends from said folded 
reinforced rubber ply. 



19. The system-method of claim 18 wherein the step of 
placing said electronic package within said tire is further 
characterized by the step of wrapping said strap around said 
electronic package in a circumferential C-direction of the tire. 

20. The system-method of claim 18 wherein the step of 
placing said electronic package within said tire is further 
characterized by the step of wrapping said strap around said 
electronic package in a radial R-direction of the tire. 

21. The system-method of claim 18 wherein the step of 
adjusting said strap is further characterized by the step of 
connecting said free ends of said strap together by the steps 
of: 

providing hook and loop fastener elements each 
attached to a respective one of said free ends; and 

forcing said free ends to make contact with one 
another so that said hook elements are in contact with said 
loop elements. 
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22 . The system-method set forth in claim 13 wherein the 
steps of forming a conditioned surface area interior to said 
tire and affixing said rubber ply to said surface area, is 
further characterized by the step of placing said rubber ply 
within a green tire and curing the tire to provide the rubber 
ply within a cured tire when manufactured. 
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